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SECTION A (40 marks) 
SHORT ANSWER QUESTIONS 


ANSWER THIS SECTION IN A SEPARATE ANSWER BOOK 
ANSWER ALL QUESTIONS 


Question 1 
What is PAH the acronym for? Name and draw one PAH and list a possible source for this PAH in 
contaminated soil. (4 marks) 


Question 2 
A spill of heavy engine oil in soil presents the same risk as a spill of gasoline. True or false? Explain 
your answer. (4 marks) 


Question 3 
The longer the persistent chlorinated pesticide hexachlorobenzene remains in soil, the more easily it is 
taken up in the gut of earthworms. True or false? Explain your answer. (4 marks) 


Question 4 
Explain how cation exchange capacity (CEC) can vary with soil pH, discussing the different soil 
components that contribute to CEC (4 marks). 


Question 5 
Name and define FOUR critical physico-chemical properties of organic contaminants that are likely 
to affect their fate and behaviour in soils. (4 marks) 


Question 6 
Name and briefly describe two forms of quality control samples used in either the field or the 
laboratory. Indicate whether each assesses precision or accuracy or both. (4 marks) 


Question 7 
In your own words, define TWO of the following acronyms and give an example of each — ACL, 
ABC, CSM, TRV, EIL. (4 marks) 


Question 8 
When acid sulfate soils are flooded to mitigate acid generation all risk associated with increased metal 
mobility cannot be totally alleviated. True or false? Explain your answer. (4 marks) 


Question 9 

Monitored natural attenuation can be a successful treatment for contaminated soil if a range of 
processes operate in the soil to reduce contaminant concentrations. Name and briefly describe FOUR 
of these processes and for each process indicate a contaminant on which this will operate. (4 marks) 


Question 10 
Describe FOUR methods of water erosion control used at contaminated and degraded sites and 
comment on the component/s of the Universal Soil Loss Equation that they address. (4 marks) 
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SECTION B (30 marks) 
CALCULATION QUESTIONS 


ANSWER THIS SECTION IN A SEPARATE ANSWER BOOK 


ANSWER ALL QUESTIONS 


Question 11 (10 marks). 


You have collected soil samples from a potentially contaminated site using a systematic sampling 
pattern. Lead is the potential contaminant of concern at this site. The results are as tabulated: 


Sample Lead 
mg/kg 
Sample | 450 
Sample 2 205 
Sample 3 322 
Sample 4 XX 
Sample 5 180 


i) There was some confusion in the lab documentation regarding sample 4. You have the final volume 
(50 mL), the oven dry weight of the sample (0.5 g) and the raw absorbance value was 600. Using the 
calibration curve below, determine the lead concentration value of the sample extract for sample 4 
(which has not been volume and weight corrected), and then determine the correct value in mg/kg 
that needs to be included in the above table (assume the blank value is zero and can be discounted in 
this instance). (4 marks) 
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calibration curve 
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ii) Use the appropriate equation provided below, explaining your choice, and the tabulated statistical 
values to determine the upper confidence limit of the mean concentration of lead in the samples. The 
acceptable lead concentration at this site is deemed to be 300 mg/kg. Based on the sample results is 


further investigation triggered? (6 marks) 


The equations provided are: 


Ss 
UCL=x+ Con—1 rr 
Where * = average concentration 
s = standard deviation 
n = number of samples 
txn-1 = Student's t — value for 95% confidence. 
a 2, SXH 
UCL = {(7#05xs +) 


Where y = average concentration of log transformed values 

s = standard deviation of log transformed values 

n = number of samples 

H =H statistic taken as tabulated — value for 95% confidence. 
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Table 1. t-values for calculating the 95% UCL of a normally distributed mean (df = n-1). 


t-value t-value 


Table 2. Some values of H to calculate a 95% UCL for skewed (lognormal) data. 


Standard Number of samples 
deviation (of 10 15 
transformed 

values) | 
0.10 1.80 1.75 
0.50 222 2.07 


1.00 3.10 2.74 
2.00 5.40 4.56 
4.00 10.38 8.63 
8.00 20.55 17.01 
10.00 25.66 21.22 
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Question 12 (20 marks) 

An old field has just been rezoned to residential and is to be investigated for potential contamination. 
The field slopes gradually to the north, and comprises tall grass and weeds with a remnant of bushland 
covering the northern third of the field. A creek runs through this bushland and there is a waterhole 
with a tire swing and evidence of it being used as a swimming hole. The bushland in the northern part 
of the field contains several walking tracks that connect this bushland to larger tracts of bushland 
adjacent to the field. There is evidence of illegal rubbish dumping in some areas of weeds and tall 


grass across the field. 


1) Draw, or in words, describe a CSM of this site, and identify: 


e Two human receptors 
e Two ecological receptors 
e At least 2 exposure routes for each of the receptors you have identified (if drawing a 


CSM label the routes) (8 marks). 


ii) Choose ONE human receptor, and undertake a soil based deterministic exposure assessment using 
the values tabulated in Table 4 for the exposure pathways (dermal, ingestion and inhalation) identified 
in Table 5. Please show your working. 


You should use the following assumptions: 
e The contaminant concentration in the soil is 380 mg/kg 
e The assessment is for 1 ‘average’ day of exposure, so the exposure duration and frequency 
calculations can be ignored (providing you have the correct units specified — remember to 
check this!). (10 marks) 


iii) If the numbers used in this assessment were generic assumptions and you were asked to test the 
assumptions of each exposure pathway in turn, which exposure pathway would you investigate 
first, and why? (2 marks) 


Table 4. Exposed population values 
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Population value Units Adult | Child 
Body weight kg 70 15 
Soil ingestion rate mg/day 50 100 
Soil inhalation rate m°/day 16 10 
Soil skin adherence factor mg/cm? 0.5 0.5 
Skin surface area cm? 20000 6100 
Fraction of exposed skin % 31.5 44.3 
Concentration of dust in air kg/m? 5x 10° | 5x 10% 
Dermal absorption factor % 0.50 0.50 
Soil ingestion absorption | % 50 50 
factor 
Dust lung absorption factor | % Cres 31D 
Table 5. Exposure pathways to be included 
Exposure | Equation | Abbrev. | Description Units Estimate | Intake 
pathway (mg) 
Soil CS x CS Contaminant mg/kg 
dermal SA x concentration in 
AF x soil 
ABS SA Exposed skin area | cm? 
AF Skin adherence | kg 
factor soil/em* 
ABS Dermal absorption | unitless 
factor 
Soil CS x IR Ingestion rate kg soil 
ingestion | IRx FI Availability of | unitless 
FI ingested 
contaminant 
Soil CS x CA concentration of kg/m? 
inhalation | CA x dust in air 
InhR x InhR Inhalation rate m 
B B Availability of | unitless 
inhaled 
contaminant 


Total intake 


Body weight 


Intake mg/kg 
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SECTION C (30 marks) 
ESSAY QUESTIONS 


ANSWER THIS SECTION IN A SEPARATE ANSWER BOOK 


ANSWER ALL QUESTIONS 
Question 13 (15 marks) 


Either 
Contaminant bioavailability or bioaccessibility is a better indicator of the contaminant risk in soil than 


the total soil contaminant concentration. Discuss this statement using organic and metal pollutants as 
examples, remembering to consider the processes in soil that impact contaminant 
bioavailability/bioaccessibility. You may use illustrations if relevant. 


Or 
The Armidale Creekland fields are contaminated with low concentrations of a range of PAHs and the 


heavy metals, zinc and nickel. The management of the contamination requires a complete grass cover 
to mitigate exposure to humans using the fields for recreation. Discuss the mechanisms through which 
the grass can help to immobilize or reduce the different soil contaminant concentrations with the 
various benefits and disbenefits. What advice for optimum grass species used and field maintenance 
would you provide to Council in light of the chosen management. 


Question 14 (15 marks) 


Either 

When the UNE motor pool was decommissioned an old leaky underground fuel tank was discovered. 
On-site bioremediation was chosen as the remediation option for the contaminated soil which will be 
reused as fill on the new site. Explain why this was considered a suitable treatment and describe the 
parameters and processes that you would recommend be optimized for successful treatment and how 
this may be achieved. 


Or 
Discuss the problem of soil salinity in Australia, explaining how it may be managed. 


THE END 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 


